Abstract. In this present work, effects of interlamina fibre orientation on the tensile properties of composites were studied and the results were discussed. The varying types of fibre oriented composites were prepared using the compression moulding technique at a pressure of 17 MPa. The different types of oriented composites investigated were 90º/0 º /90 º, 0 º /90 º /0 º, 90 º /0 º /0 º /90 º, 0 º /45 º /0 º, 0 º /90 º /45 º /45 º /90 º /0 º, 0 º /45 º /90 º /90 º /45 º /0 º and these composites were subjected to tensile testing according to ASTM: D3039-08. The sisal fibres were arranged in various angles with the help of specially designed mould. It was found that the tensile strength of sisal fibre composites improved when 0 º oriented fibres were positioned at the extreme layers of the composites compared to 90 º oriented fibres. The highest tensile strength among the types of composites was observed for 0 º /90 º /0 º. The scanning electron microscopy (SEM) analysis was performed to understand the interphase adhesion mechanism.
Introduction
Increasing fear over the greenhouse effects and environmental awareness have stimulated the use of natural fibres to replace the synthetic polymeric fibres in many fields such as automotive, construction, packing and civil industries. Since natural fibres are easily available in fibrous form and cheaper to buy than the synthetic fibres, they are a good replacement of conventional synthetic fibres.
Silva et al. [1] studied the behaviour of high performance sisal fibres. They investigated the cross sectional areas of sisal fibres using the scanning electron microscopy technique. Moreover, Belaadi et al. [2] studied the tensile properties of the sisal fibres. They reported that the sisal fibres offer a good reinforcement compared to other natural fibres, owing to the less extraction cost for retting process from the plants. They found that the diameter of the fibres, strength and strain to failure and Young's modulus of about 15 different fibres. The same results have been compared with literatures [3] [4] [5] . Ku et al. [6] investigated the mechanical properties of natural fibre composites. Owing to their favourable characteristics like low cost, high specific strength, good mechanical properties, eco-friendly, nonabrasive and bio-degradability, the natural fibres are proposed as the alternative to synthetic/artificial fibres such as carbon, aramid, glass, etc. They also reported that the tensile properties of natural fibre composites are dependent on the interfacial bond between the fibres and the matrix. Sen and Reddy [7] AEROTECH VI -Innovation Alavudeen et al. [9] studied the effect of fibre orientations in the natural fibre composites. They found that the properties of composites are influenced by varying the fibre orientations. Bennet et al. [10] studied the effects of lamina fibre orientation using the natural fibres. The orientations of fibre composites that were investigated include 0 º, 30 º, 45 º, 60 º and 90 º. Among the composites, 0 º oriented fibres composite provided the highest strength in tensile properties. Furthermore, they also studied the vibration properties of these oriented fibre composites. Almeida et al. [11] [12] investigated the effects of fibre orientation and anisotropy properties of natural fibre composites. They found that the tensile and elastic modulus of the composites decreased with the specimen angle. Effects of fibre orientation and fibre aspect ratio on the tensile strength of carbon fibres reinforced magnesium matrix composites (Csf /Mg) were analyzed by Qi et al. [13] . They found that the angle between the fibres and applied load on the composites played an important role on the strength of the composites. Therefore, in this present study, natural fibre composites with varying fibre orientations were fabricated by using the compression moulding machine and subjected to tensile test.
Experimental details

Materials
Sisal fibre used in this study was supplied by Shiva exports, Tirunelveli, Tamilnadu, India. On the other hand, the unsaturated isophthalic polyester resin, initiator and accelerator were supplied by Vasivibala resins (P) Ltd, Chennai, Tamilnadu, India.
Fabrication of composites
Initially, the sisal fibres were combed and arranged carefully as long fibres in the mould according to the type of selected orientation of the composite. To achieve the fibre weight percentage of 50±2, the desired amount of fibres was taken into the specially designed mould. To ensure the desired angle of fibre orientation, the mould consisted of markings for every angle at the periphery. Then, 100 ml of resin, 1.5 % of catalyst and 1.5 % of accelerator were added to it. The mixture was poured over the fibres and kept in the compression moulding machine at a pressure of 17 MPa. The composite was left about 24 hours in the moulding machine for curing and were later cut according to ASTM standard.
Tensile testing
Tensile tests were carried out using Instron (Series-3382) testing machine according to ASTM: D3039-08. The specimens were cut according to the dimension of 200 × 20 × 3 mm. A 100 kN load cell was used and a speed of 2 mm/min was applied on the samples. An average of five specimens were used in each test.
Result and discussion
To ease the discussion, the notations tabulated in Table 1 will be used in this paper after this point to indicate the different fibre orientations for the sisal fibre oriented composites. The effect of interlamina fibre orientation on the tensile strength of sisal fibre polyester composites is shown in Figure 1 . The tensile strength was determined for the different fibre orientation and it was found that the orientation 0 º /90º /0º had the greatest tensile strength of 46.716 MPa when compared to other types of oriented composites. It was noticed that the extreme layers of fibres oriented in 0 º at both ends of composites tensile strength than the other types of composites. This is due to the fact that 0 º fibres were arranged longitudinally (i.e along the direction to the applied loading condition). Hence the fibres oriented at 0 º along the applying load conditions would withstand higher load while testing. On the other hand, the lower tensile strengths were measured in 90º/0º/90 º and 90º/0º/0º/90 º oriented fibre composites. It was noticed that among the different types of oriented fibre composites, 90º at the extreme layered composites gave the lowest tensile strength. While testing these composites, the fibres were oriented at 90 º that were perpendicular to the loading conditions. Therefore, the fibres did not withstand any load while testing the composites. /0 º, they were able to withstand more loads in testing. It was confirmed that next to 0 º oriented fibres, 90 º oriented fibre composites had a higher strength than the 45 º oriented fibre composites. The effects of tensile modulus and strain of fibre oriented composites are shown in Figure 2 . The increase in the stiffness of the composites was observed for the 0° fibres that were positioned as the skin of composites. From Figure 2 , it is shown that the tensile modulus of 90°/0°/0°/90° and 0 º /45 º /90 º /90 º /45 º /0 º composites was not appreciably increased. The tensile modulus of 0 º /45 º /0 º oriented fibre composite was 76 % higher than that of the 90 º /0 º /0 º /90 º fibre composites. Figure 2 shows the strain of the sisal fibre reinforced polyester composites. Higher strain was observed in 0 º /45 º /0 º type of fibre composites than the other types of combinations.
The SEM micrograph of the 0 º /90 º /0 º sisal fibre oriented composite is shown in Figure 3 (a). It is inferred from this figure that the fibre is tightly covered by the strong matrix and this strong bonded matrix could be used to hold the fibres in their position. Consequently, the fibre pull out is avoided owing to its strong interfacial bonding. Furthermore, the resin rich area shown in Figure 3(a) indicates the lack of cracking in the matrix, which can be attributed to a good packaging of materials. SEM images of the 90 º /0 º /0 º /90 º oriented sisal fibre composites taken after fracture under the tensile loading of fibre reinforced composites are shown in Figure 3(b) in which the separation of sisal fibres and hollow portion are clearly seen. This shows that the fibre pull-out have occurred in the composites. 
Conclusion
The sisal fibre reinforced polyester composites were fabricated with different fibre orientations using a specially-designed mould in compressing moulding machine at a pressure of 17 MPa. Experimental results showed that 0 º /90 º /0 º type of composites gave the highest strength than the other types of combinations. It was also found that the tensile strength of the composite was lower when the extreme fibres were oriented in 90° compared to the 0° oriented fibre composites. The highest tensile modulus and strain were measured for 0 º /45 º /0 º oriented fibre composite.
